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Abstract
Nationwide lockdowns during SARS-CoV-2 (COVID-19) can compromise mental health and psychological wellbeing and 
limit opportunities for physical activity (PA), particularly in clinical populations, such as people with rheumatoid arthritis 
(RA), who are considered at risk for COVID-19 complications. This study aimed to investigate associations between PA 
and sedentary time (ST) with indicators of mental health and wellbeing in RA during COVID-19 lockdown, and examine 
the moderation effects of self-isolating. 345 RA patients completed an online questionnaire measuring PA (NIH-AARP 
Diet and Health Study Questionnaire), ST (International Physical Activity Questionnaire-Short Form), pain (McGill Pain 
Questionnaire and Visual Analogue Scale), fatigue (Multidimensional Fatigue Inventory), depressive and anxious symptoms 
(Hospital Anxiety and Depression Scale), and vitality (Subjective Vitality Scale) during the United Kingdom COVID-19 
lockdown. Associations between PA and ST with mental health and wellbeing were examined using hierarchical multiple 
linear regressions. Light PA (LPA) was significantly negatively associated with mental fatigue (β = − .11), depressive 
symptoms (β = − .14), and positively with vitality (β = .13). Walking was negatively related to physical fatigue (β = − .11) 
and depressive symptoms (β = − .12) and positively with vitality (β = .15). Exercise was negatively associated with physical 
(β = − .19) and general (β = − .12) fatigue and depressive symptoms (β = − .09). ST was positively associated with physical 
fatigue (β = .19). Moderation analyses showed that LPA was related to lower mental fatigue and better vitality in people 
not self-isolating, and walking with lower physical fatigue in people self-isolating. These findings show the importance of 
encouraging PA for people with RA during a lockdown period for mental health and wellbeing.
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Introduction
SARS-CoV-2 (COVID-19) has been declared a pandemic 
by the World Health Organisation (WHO) [1]. Unprece-
dented nationwide restrictions were put in place to limit the 
spread of the virus. In the United Kingdom (UK), the gen-
eral population was instructed to only leave their home for 
basic necessities (i.e. food shopping and medical treatment), 
essential work that could not be carried out at home and 
once a day for exercise. People considered at increased risk 
of serious complications following infection were advised 
to “self-isolate” (i.e. limit outside contact and not leave their 
homes). One such at risk population is Rheumatoid Arthri-
tis (RA), which is an autoimmune disease characterised by 
inflammation, pain, fatigue and poor mental health, and 
commonly managed by immunosuppressive therapies [2, 
3]. Whilst restrictions were deemed necessary to contain 
the spread of the virus, they can negatively impact mental 
health and psychological wellbeing [4], as well as behav-
iours which can support mental health and wellbeing such 
as physical activity (PA) and sedentary behaviour [5].
High levels of anxiety, depression and stress have been 
reported in the general population during COVID-19 restric-
tions [6–9]. In people living with rheumatic diseases, a 
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study conducted in the United States has reported difficulty 
managing negative emotions, perceived increased risk of 
being infected and reduced access to healthcare and medi-
cations during this pandemic [10]. Such COVID-19-related 
concerns have been associated with poor mental health and 
compromised psychological wellbeing in the general popula-
tion [8, 9]. As the mental health impact of COVID-19 is even 
greater in those self-isolating [4, 11], people living with RA, 
a population already at risk of compromised mental health 
[12], may be at even greater risk of adverse psychological 
impact [5]. Indeed, negative consequences of COVID-19 on 
mental health has been reported in 73% participants with 
rheumatic diseases in one study [13]. Therefore, identifying 
factors that could positively impact mental health during 
the COVID-19 pandemic is critical for establishing effec-
tive management to attenuate the negative impact of this 
pandemic on wellbeing.
In the general population, PA is positively associated 
with indicators of mental health and psychological well-
being and reductions in PA are associated with negative 
mental health during COVID-19 [11]. In RA, PA is related 
to reduced anxiety, depression, fatigue, pain and increased 
vitality [3, 14–17]. However, the COVID-19 lockdown has 
restricted opportunities for PA and not surprisingly, lower 
PA and increased screen time have been reported [11, 18]. 
This may pose a significant risk for the mental health and 
psychological wellbeing of those, who are already at risk of 
low levels of PA and high levels of sedentary behaviour (i.e. 
waking activities involving sitting/lying and energy expendi-
ture ≤ 1.5 metabolic equivalents), such as people with RA 
[19]. Indeed, during COVID-19, people with rheumatic dis-
eases reported challenges to being active [10] and reductions 
in PA and increased sedentary time (ST) have been reported 
in RA [20], which could further worsen mental health and 
wellbeing [21].
Emerging evidence during COVID-19 emphasises the 
benefits of PA for mental health in the general population [8, 
22, 23]. However, associations between PA, mental health 
and psychological wellbeing during COVID-19 have not 
been investigated in RA. The aims of this study were to (1) 
explore the associations between PA and ST with indica-
tors of mental health and wellbeing in RA during COVID-




People with RA were recruited through social media of the 
National Rheumatoid Arthritis Society (NRAS) in the UK. 
Inclusion criteria were a self-reported clinical diagnosis of 
RA and aged ≥ 18 years. Ethical approval was obtained from 
the University of Birmingham ethics committee (ERN_20-
0475). Participants were given an information sheet, pro-
vided informed consent and completed the online question-
naire between April 8 and April 30 2020, when the most 
stringent lockdown restrictions applied in the UK.
Patient and public involvement
This online questionnaire was developed in collaboration 
with NRAS.
Measures
Physical activity and sedentary behaviour
PA was assessed using the National Institutes of Health-
American Association of Retired Persons (NIH-AARP) Diet 
and Health Study questionnaire to record participation in dif-
ferent types of PA [24]. Participants were asked to indicate 
how much time they had spent during the last 7 days in 3 PA 
types: (1) light PA (LPA) (e.g. cooking, laundry), (2) walk-
ing and (3) exercise (e.g. tennis, cycling). Items were scored 
using a categorical scale with response options from “none” 
to “ ≥ 10 h”. Sedentary behaviour was assessed using the 
International Physical Activity Questionnaire-Short Form 
(IPAQ-SF), which comprises 2 questions. Participants are 
asked “during the last 7 days, how much time did you spend 
sitting on a”…. (1) weekday and (2) weekend day, to calcu-
late overall weekly ST. Both questionnaires are reliable and 
valid measures of PA and ST in older adults [24, 25].
Pain
Pain experienced during the past week was assessed with 
the McGill Pain Questionnaire (MPQ), comprising 15 pain 
descriptors (e.g. “throbbing” and “tender”) on a scale from 
0 (none) to 3 (severe) [26]. Participants were also asked to 
rate last week’s pain on a visual analogue scale (VAS), from 
0 (no pain) to 10 (worst imaginable pain) [27]. The MPQ 
demonstrated good internal reliability in this study (Cron-
bach α = .92) and the MPQ and VAS have been validated 
in RA [28].
Fatigue
Fatigue during the past week was assessed using the Mul-
tidimensional Fatigue Inventory (MFI) reflecting physical, 
mental and general fatigue (4 items each), rated on a scale 
from 1 (no, that’s not true) to 5 (yes, that’s true) [29]. MFI is 
a validated fatigue measure used in RA, with good internal 
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reliability in this study (physical: α = .78, mental: α = .86, 
general: α = .73) [30].
Anxious and depressive symptoms
Anxious (7 items) and depressive (7 items) symptoms during 
the past week were measured using the Hospital Anxiety and 
Depression Scale (HADS) [31]. Participants were asked to 
indicate their agreement (on a scale from 0 to 3) with each 
statement (e.g. “I feel tense or ‘wound-up’”). The HADS has 
previously shown good validity [32] and good internal reli-
ability (anxious symptoms: α = .87, depressive symptoms: 
α = .83) in this study.
Subjective vitality
Vitality, a measure of positive wellbeing, experienced during 
the past week was measured using the Subjective Vitality 
Scale (SVS) [33]. Participants were asked to rate 6 state-
ments (e.g. “I’ve been feeling energised”) on a scale from 1 
(not at all true) to 7 (very true). The SVS demonstrates good 
reliability in this study (α = .88) and has been validated in 
RA [17].
Functional disability
Participants’ functional disability was determined using 
the Stanford Health Assessment Questionnaire disability 
index (HAQ-DI), comprising 8 subscales each reflecting an 
activity of daily living (i.e. dressing, rising, eating, walking, 
hygiene, grip, reach and activities) [34]. Participants were 
asked to rate their ability to perform specific activities (e.g. 
“open car doors”) on a scale from “without any difficulty” 
to “unable to do” and indicate if they used aids/devices for 
each activity. An overall disability index score is calculated 
as an average of the 8 subscales. A higher score represents 
higher functional disability.
General COVID‑19 concern
Concerns regarding COVID-19 were measured as the extent 
to which participants were apprehensive about (1) testing 
positive for COVID-19, (2) a family member testing positive 
for COVID-19 and (3) not being able to receive arthritis-
related medical care. Each item was scored on a scale from 1 
(not concerned at all) to 5 (very concerned) and the average 
was calculated.
COVID‑19 living
COVID-19 Living reflected living circumstances during 
COVID-19, which included “self-isolating at home” (i.e. 
not leaving the house due to medical recommendation (i.e. 
shielding) or personal concern) and “not self-isolating” 
(i.e. leaving the house for basic necessities, exercise and/
or work).
Data reduction and statistical analysis
The data were analysed using IBM SPSS Version 26 and 
checked for normality using the Kolmogorov–Smirnov test. 
Independent variables were PA types (LPA, walking and 
exercise) and ST. Dependent variables were indicators of 
mental health and psychological wellbeing (i.e. pain (MPQ 
and VAS), physical, mental and general fatigue, anxious 
symptoms, depressive symptoms and vitality). Covariates 
were age, gender, functional disability, living alone/with 
others, education and general COVID-19 concern, all with 
known associations with dependent variables in RA. The 
moderator variable was COVID-19 Living.
408 participants provided complete data for PA and 
ST. Participants were excluded due to implausible ST 
(> 18hours/day [35], n = 26), missing covariate (n = 8) or 
moderator data (n = 6). For the dependent variables, the 
missing data were imputed using the expectation maximi-
sation method where participants were missing one item of 
a questionnaire (MPQ: n = 24; MFI: n = 15; HADS: n = 1; 
SVS: n = 1). Participants with > 1 missing value per ques-
tionnaire were excluded (n = 23). The final sample size for 
all statistical analysis was 345 participants.
Differences between those self-isolating vs not self-
isolating were assessed with Mann–Whitney or χ2 tests, as 
appropriate. To address the primary aim, hierarchical linear 
regression analyses were conducted to examine associations 
between PA and ST with indicators of mental health and 
psychological wellbeing, while adjusting for potential covar-
iates. In these hierarchical regression analyses, we explored 
the following sequential models:
Regression Model 1 examined the associations between 
the covariates (age, gender, functional disability, living 
alone/with others, education and general COVID-19 con-
cern) with the indicators of mental health and psychological 
wellbeing as dependent variables (pain, physical, mental and 
general fatigue, anxious symptoms, depressive symptoms 
and vitality). Separate regression analyses were conducted 
for each indicator of mental health and wellbeing. For each 
regression analysis, the F value and p value are reported to 
reflect statistical significance, the R2 value is presented to 
reflect the variance in the indicator of mental health and psy-
chological wellbeing explained by all covariates combined 
and standardised beta values (β values) are presented to 
reflect the direction and strength of the association between 
each covariate and indicator of mental health and psycho-
logical wellbeing.
Regression Model 2 explored the associations between 
LPA, walking, exercise or ST with each indicator of mental 
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health and psychological wellbeing indicator, while adjust-
ing for the covariates included in Model 1. In other words, 
Regression Model 2 expanded the analyses conducted in 
Model 1 (with only covariates as the predictors of mental 
health and psychological wellbeing) to include LPA, walk-
ing, exercise or ST (independent variable) as a predictor of 
the indicators of mental health and psychological wellbeing 
(dependent variable). Separate analyses were conducted for 
each combination of independent and dependent variable, 
with the covariates included in all regression models. For 
each regression analysis, ΔR2 was calculated to reflect the 
additional variance in the dependent variable explained by 
including the independent variable to the model with covari-
ates only. F and p values are reported to reflect statistical 
significance of adding the independent variable to the model 
and β values reflect the direction and strength of the associa-
tion between each independent (LPA, walking, exercise or 
ST) and dependent variable (indicator of mental health and 
psychological wellbeing).
Regression Model 3 explored whether the associations 
between the activity-related independent variables (i.e. LPA, 
walking or exercise) with the indicators of mental health and 
psychological wellbeing were independent of ST, and vice 
versa, whether the associations between ST and indicators 
of mental health and psychological wellbeing were inde-
pendent of the levels of activity (LPA, walking and exer-
cise). More specifically, where regression Model 2 revealed 
significant associations between LPA, walking or exercise 
with a specific dependent variable, Model 3 included both 
the significant PA type as well as ST as predictors for that 
dependent variable, while also adjusting for covariates. For 
each regression analysis, ΔR2 was calculated to reflect the 
additional variance explained in the dependent variable as 
compared to Model 2. F and p values are reported to reflect 
statistical significance of adding the independent variable to 
the model and β values reflected the direction and strength 
of the association between each independent (LPA, walking, 
exercise or ST) and dependent variable (indicator of mental 
health and psychological wellbeing).
Finally, to explore the impact of COVID-19 living situa-
tion (i.e.  self-isolating at home vs not self-isolating) on all 
associations between independent (LPA, walking, exercise, 
ST) and dependent variables (indicators of mental health 
and wellbeing), moderation analyses were conducted using 
the PROCESS model [36]. In all moderation analyses, age, 
gender, living situation, education, general COVID-19 con-
cern and functional disability were included as covariates.
As the majority of variables were not normally distrib-
uted, bootstrapping was employed in regression analyses. 
Bootstrapping is a nonparametric re-sampling procedure 
that does not impose the assumption of normal distribution 
on the data [37]. Significance was interpreted based on the 
bootstrap-generated 95% bias-corrected confidence intervals 
(CIs) (5000 samples). CIs also provide more information 
than p-values, showing the possible variability of effect 
size and therefore are more appropriate for determining 
significance of bootstrapped data [37, 38] and standardised 
beta coefficients (β) were used to interpret the strength of 
associations.
Results
Participant characteristics are reported in Table 1. The sam-
ple predominantly comprised white females, with moderate 
functional disability. Mann − Whitney and Chi-square tests 
revealed a longer disease duration, lower levels of LPA and 
walking, more pain, physical fatigue, functional disability 
and COVID-19 concern in self-isolating participants (all 
p’s < .05, see Table 1).
Regression analyses
Model 1: The associations between covariates with each 
mental health and psychological wellbeing indicator are 
summarised in Table 2. As is evident from Table 2, all 
regression models were statistically significant. Examina-
tion of the β values of the covariates showed that functional 
disability was most strongly and consistently associated with 
all indicators of mental health and psychological wellbeing, 
with higher functional disability related to more pain, fatigue 
and depressive and anxious symptoms and lower vitality.
Model 2 expanded on Model 1 with the covariates only, 
by adding the independent variables (LPA, walking, exer-
cise, ST) as predictors of the indicators of mental health 
and psychological wellbeing in separate analyses. Table 3 
presents the summary findings of Model 2 regression 
analyses, by focusing on the additional amount of variance 
explained by each independent variable and the associated 
β-coefficient. More detailed information on these models, 
including all covariates, unstandardised beta values (B) and 
the 95% CI (used to assess significance of the model), is 
reported in Supplementary Tables S1–S4. LPA was signifi-
cantly negatively associated with mental fatigue and depres-
sive symptoms and positively with vitality. Walking was 
negatively related to physical fatigue and depressive symp-
toms and positively with vitality. Exercise was negatively 
associated with physical and general fatigue and depressive 
symptoms. ST was positively linked to physical fatigue. No 
other significant associations were detected. In all these anal-
yses, the β-coefficients for the covariates remained broadly 
similar to those reported in Table 2. More detailed informa-
tion about the full regression models is presented in Sup-
plementary Tables S1–S4.
Model 3 explored whether the associations reported 
between the activity-related independent variables with 
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the dependent variables were independent of levels of ST 
and vice versa. When adding ST as an additional predic-
tor, all significant associations between activity-related 
independent variables with the indicators of mental health 
and psychological wellbeing observed in Model 2 remained 
significant, with the exception of the association between 
walking with physical fatigue, which no longer remained 
significant when ST was added to the model (β = − .08, 
B = − 0.001, 95% CI = − 3.1∙10–3, 1.5∙10–4). In both walking 
and exercise models, ST was significantly associated with 
physical fatigue (walking model: β = .18, B < 0.001, 95% 
CI = 2.8∙10–4, 8.3∙10–4; exercise model: β = .18, B < 0.001, 
95% CI = 2.9∙10–4, 8.2∙10–4).
Moderation analyses
Moderation analyses revealed that COVID-19 living situ-
ation only moderated the associations between LPA with 
mental fatigue and vitality and walking with physical fatigue. 
More LPA was significantly associated with lower mental 
fatigue and better vitality in those who were not self-isolat-
ing (mental fatigue model: β = − .26, 95% CI = − .42, − .09; 
vitality model: β = .31, 95% CI = .15, .47), but not in those 
who were self-isolating (mental fatigue model: β = − .04, 
95% CI = − .16, .10; vitality model: β = .03, 95% CI = − .09, 
.16). Walking was associated with lower physical fatigue in 
people who were self-isolating (β = − .22, 95% CI = − .35, 
− .08), but not in those not self-isolating (β = − .02, 95% 
CI = − .15, .12). For more detailed information of modera-
tion analysis results, please see Supplementary Table S5.
Table 1  Descriptive statistics with p values for total sample and sample stratified by COVID-19 Living status
Values are reported as means ± SD, except for PA and ST variables which show medians ± IQR
Living situation was characterised as living with others (i.e. partner, family) or living alone. Education was characterised as higher education 
(university degree, doctorate) or secondary education (GCSE/O-level, A-level/GCE)
RA rheumatoid arthritis, LPA light physical activity, MPQ McGill Pain Questionnaire, VAS Visual Analogue Scale, HAQ-DI Health Assessment 
Questionnaire-Disability Index, SD standard deviation, IQR interquartile rage
* Significantly different from self-isolating at home with p < .05. Differences were examined using Mann–Whitney U and χ2 tests, as appropriate




All participants (n = 345) p value
Demographic Information
 Age (years) 51.53 ± 11.82 51.37 ± 11.58 51.48 ± 11.73 .805
 Gender (n = female (%)) 214 (93.0) 107 (93.0) 321 (93.0) 1.000
 Ethnicity (n = white (%)) 224 (97.4) 110 (96.5) 334 (96.8) .640
 RA duration (years from diagnosis) 11.51 ± 10.51 8.52 ± 8.08* 10.52 ± 9.87 .012
Independent variables
 LPA (minutes/week) 150 ± 420 300 ± 420* 300 ± 420 .033
 Walking (minutes/week) 60 ± 150 240 ± 420* 90 ± 300  < .001
 Exercise (minutes/week) 0 ± 30 0 ± 30 0 ± 30 .820
 Sedentary time (minutes/week) 3360 ± 1823 3360 ± 1980 3360 ± 1680 .088
Outcomes
 Pain (MPQ) 15.34 ± 9.30 13.12 ± 9.02* 14.60 ± 9.26 .024
 Pain (VAS rating) 4.57 ± 2.62 4.10 ± 2.58 4.41 ± 2.62 .095
 Physical fatigue 15.25 ± 4.06 14.06 ± 4.15* 14.85 ± 4.12 .007
 Mental fatigue 12.04 ± 5.00 11.94 ± 5.01 12.01 ± 5.00 .860
 General fatigue 15.88 ± 3.63 15.31 ± 4.21 15.69 ± 3.83 .383
 Anxious symptoms 9.39 ± 4.58 8.34 ± 4.51 9.04 ± 4.58 .055
 Depressive symptoms 7.39 ± 3.94 6.86 ± 4.04 7.21 ± 3.98 .146
 Subjective Vitality 2.56 ± 1.20 2.74 ± 1.32 2.62 ± 1.24 .266
Covariates
 Functional disability (HAQ-DI) 1.33 ± 0.77 0.99 ± 0.69* 1.22 ± 0.76  < .001
 Living situation (n = living alone (%)) 43 (18.7) 17 (14.8) 60 (17.4) .366
Education (n = higher education (%)) 119 (51.7) 61 (53.0) 180 (52.2) .819




This is the first study to show associations between activity 
behaviours with indicators of mental health and psychologi-
cal wellbeing in people with RA during COVID-19. LPA 
and walking were associated with lower physical and men-
tal fatigue and depressive symptoms and higher vitality. 
Exercise was related to lower physical and general fatigue 
and fewer depressive symptoms and ST was related to higher 
physical fatigue. In addition, COVID-19 living situation 
moderated some associations between LPA and walking 
with physical and mental fatigue and vitality.
The finding that LPA and walking were associated with 
higher vitality is in line with epidemiological research dem-
onstrating a relationship between LPA with wellbeing in 
Table 2  Model 1 Regression Analyses for all covariates with each indicator of mental health and psychological wellbeing (dependent variable)
Model 1: Regressions included all covariates (age, gender, education, living situation, general COVID-19 concern and functional disability) as 
predictors for each indicator of mental health and wellbeing in separate analyses
R2 represents the variance explained in the dependent variable by all covariates together. Statistical information about each model is presented by 
the F-value and the p-value, with β representing the standardised beta coefficient of each covariate
Concern general COVID-19 concern, MPQ McGill Pain Questionnaire, VAS Visual Analogue Scale, CI confidence interval
* Significant associations between covariates with indicators of mental health and wellbeing derived using bootstrapped 95% CI









R2 = .383 R2 = .330 R2 = .348 R2 = .140 R2 = .260 R2 = .207 R2 = .219 R2 = .176
F = 34.91 F = 27.73 F = 30.09 F = 9.15 F = 19.78 F = 14.67 F = 15.77 F = 12.05
p < .001 p < .001 p < .001 p < .001 p < .001 p < .001 p < .001 p < .001
β β β β β β β β
Age − .11* − .08 − .11* − .27* − .21* − .25* − .16* .18*
Gender − .01 − .02 .05 − .06 − .03 − .01 .01 − .03
Education − .03 .01 .05 − .04 .03 − .10* − .04 .06
Living Situation .02 .04 .01 − .10* .01 .02 − .09 .07
Concern .15* .08 .09 .10 .04 .32* .15* − .08
Functional Dis-
ability
.55* .55* .55* .23* .46* .14* .38* − .34*
Table 3  Summary Model 2 Regression Analyses for LPA, Walking, Exercise and Sedentary Time with dependent variables adjusting for covar-
iates
Model 2: expanded Model 1 (covariates age, gender, education, living situation, general COVID-19 concern and functional disability only) by 
adding LPA, walking, exercise and ST as individual predictors for each dependent variable.
β represents the standardised beta coefficient and ΔR2 represents the proportion of the variance that is explained by the addition of the predictor 
independent variable to the model relative to Model 1.  β coefficients for covariates were broadly similar as those reported in Table 1. Therefore, 
to improve readability, β’s are only reported for the associations between the independent variables (LPA, walking, exercise, ST) and the depend-
ent variables. Full information of all Model 2 regressions, including the 95% CI intervals to determine significance, F-value with associated 
p-values and the β for each covariate are reported in Supplementary Tables S1-S4
LPA light physical activity, Concern general COVID-19 concern, MPQ McGill Pain Questionnaire, VAS Visual Analogue Scale, CI confidence 
interval
* significant β (standardised beta) coefficients derived using bootstrapped 95% CI (see Supplementary Tables S1–S4); †p < .05 for ΔR2 values 
determining the significance of the overall model











β ΔR2 β ΔR2 β ΔR2 β ΔR2 β ΔR2 β ΔR2 β ΔR2 β ΔR2
LPA − .02 .000 − .06 .003 − .08 .006 − .11* .011† − .07 .005 − -.04 .002 -.14* .018† .13* .016†
Walking .04 .002 .06 .003 − .11* .010† − .01 .000 − .06 .003 .02 .000 -.12* .012† .15* .020†
Exercise .04 .001 .01 .000 − .19* .033† − .04 .001 − .12* .013† − .04 .001 − .09* .008 .07 .005
Sedentary Time − .08 .006 − .02 .000 .19* .032† .04 .001 .07 .005 − .04 .001 .08 .006 − .09 .008
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older adults [39]. Our results point to the importance of LPA 
and walking for wellbeing in RA during COVID-19. From 
a behaviour change perspective, encouraging non-exercise 
LPA (e.g. household chores) and walking may be perceived 
as more feasible and accessible for RA, a population experi-
encing significant disease-related barriers to PA [40].
PA was associated with fewer depressive symptoms, 
aligned with the previous arthritis research [2, 15]. Asso-
ciations were of a similar, although opposite, magnitude 
to associations between COVID-19 concerns and depres-
sive symptoms. Fear or concern about the virus has been 
related to depression [4], and our findings suggest that 
PA counteracts this negative impact on depressive symp-
toms in RA, in line with findings in college students and 
older adults [22, 41]. Importantly, associations between 
PA with depressive symptoms and vitality were independ-
ent of functional disability in this study and others [2]. 
Thus, the activity at any intensity should be promoted in 
all people with RA to improve mental health and wellbe-
ing, regardless of functional disability.
PA was associated with lower and ST with higher physi-
cal and mental fatigue, in line with interventions promot-
ing PA and reducing ST improving fatigue in RA [3, 42, 
43]. Our findings emphasise the importance of the multidi-
mensional aspects of fatigue in RA. Specifically, LPA was 
negatively associated with mental fatigue, whereas walk-
ing, exercise and ST were related to physical fatigue. Our 
results suggest that different PA types could be related 
to different aspects of fatigue in people living with RA. 
Aligned with present findings, exercise interventions 
have been reported to be particularly effective for physi-
cal fatigue in RA [30].
PA can lead to improved mental health and wellbeing 
during lockdown situations through several pathways. For 
example, PA can distract from negative thoughts and worries 
[44], being active can have an immediate positive effect on 
mood [44], outdoor environment can induce mental stimu-
lation [23] and PA can provide structure when daily rou-
tine is disrupted due to lockdown, with the resulting sense 
of control improving wellbeing [45]. Thus, recommenda-
tions promoting PA may offer an avenue to support clinical 
populations to cope with the impact of COVID-19 on their 
mental health [41, 46]. Given that maintaining PA during 
COVID-19 is associated with better mental health in older 
adults [41], the present results imply that increasing PA may 
positively impact mental health and wellbeing in RA during 
COVID-19. Given the duration of the pandemic and recent 
return of restrictions, longitudinal studies during COVID-19 
are needed to understanding how changes in PA contribute 
to better mental health and wellbeing in RA. This can inform 
guidance on management of wellbeing during these difficult 
times, not just in RA, but also other clinical populations.
PA and ST were not associated with anxious symptoms 
in this study. There are mixed findings related to anxiety 
and PA during COVID-19 [22, 23, 47]. The impact of PA 
on anxiety during COVID-19 may be influenced by prior 
activity levels. Indeed, research suggests inactive people 
who increased PA during COVID-19 reported lower anxiety 
compared to those who became less active, but these asso-
ciations were not seen in people who were classed as active 
prior to COVID-19 [23]. Thus, perhaps instead of looking 
at absolute values, it might be more important to examine 
changes in PA during a pandemic in relation to anxiety.
People with RA in this study did not report associations 
between PA and ST with pain, which is in contrast to pre-
vious observational studies of RA [48]. This may be due 
to the possible bi-directional association between PA with 
mental health and wellbeing [49] and also the association 
between pain and functional disability [50], which may have 
affected levels of PA observed depending on COVID-19 liv-
ing status. Specifically, correlational analysis revealed walk-
ing was negatively related to pain (data not reported), but 
this association was no longer significant when adjusting 
for functional disability. Given our findings suggested that 
people with RA who were self-isolating had higher levels of 
pain and functional disability and lower levels of LPA and 
walking, compared to those leaving the house, it could be 
assumed that individuals with the least pain and disability 
were more likely to leave the house for PA. This lower vari-
ability in pain among those who were accruing some form 
of PA (through leaving the house), could mean associations 
between PA and pain are less likely to be observed.
The lower levels of PA observed among people with RA 
who were self-isolating, is in agreement with previous stud-
ies [11]. Moderation analysis showed LPA was only related 
to mental fatigue and vitality in those not self-isolating, 
whereas walking was only associated with physical fatigue 
in those self-isolating. As those self-isolating did signifi-
cantly less walking than those not self-isolating, this could 
suggest that walking specifically, should be encouraged 
among individuals self-isolating to reduce physical fatigue. 
However, as few significant moderation effects of COVID-
19 living were observed, these findings should be interpreted 
with care.
Except for physical fatigue, ST was not associated with 
indicators of mental health or wellbeing, contrasting previ-
ous COVID-19 research in the general population [11]. Our 
measure of ST reflected total ST and did not differentiate 
between different sedentary behaviours; e.g. sitting while 
being intellectually stimulated, e.g. during work, is sug-
gested to have a less negative impact health and wellbeing 
compared to sitting watching TV or using electronic devices 
[51]. Consequently, future studies are required to understand 
the specific role of different sedentary behaviours for mental 
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health and wellbeing in RA, both during and beyond the 
pandemic.
The current study included a large sample of people 
with RA during stringent lockdown conditions. Therefore, 
it was only possible to collect self-report data for all out-
comes, which should be acknowledged as a limitation. In 
addition, the associations reported are cross-sectional, so 
causality cannot be inferred. Therefore, exploring these 
associations over time during COVID-19 will help to bet-
ter understand the implications of this pandemic on the 
link between activity behaviours and mental health and 
wellbeing and how PA can support mental health and well-
being throughout the pandemic.
In summary, PA, specifically LPA and walking, was 
positively associated with mental health and psychologi-
cal wellbeing in RA during COVID-19. These findings 
support recommendations from different governments to 
encourage PA during lockdown restrictions, to attenuate 
the negative impact of a pandemic on mental health and 
wellbeing. Given the known barriers for PA in RA [40] 
and the reported additional barriers experienced during 
COVID-19 [10], these findings emphasise the importance 
of appropriate support and recommendations for PA in 
people with RA and potentially other clinical populations, 
particularly in those self-isolating, during a pandemic to 
maintain mental health and psychological wellbeing.
Acknowledgements The authors would like to thank the National 
Rheumatoid Arthritis Society (NRAS) for their support in the devel-
opment of this study and the recruitment for this study. In addition, the 
authors would like to thank all participants for their time to complete 
to questionnaire pack.
Author contributions Conception and design of the study: SB, SF, GM, 
AB, GK, JVvZ. Data acquisition: SB, SF, AB, JVvZ. Data analysis: 
SB, SF, JVvZ. Data interpretations and drafting of manuscript: all 
authors. Final approval of manuscript: all authors.
Funding This work was completed as part of a PhD studentship sup-
ported by the Medical Research Council (MRC)-Versus Arthritis Cen-
tre for Musculoskeletal Ageing Research (CMAR) (grant number: MR/
K00414X/1).
Compliance with ethical standards 
Conflict of interest The authors declare no conflicts of interest.
Ethics approval This study was performed in line with the principles 
of the Declaration of Helsinki. Ethical approval was obtained from the 
University of Birmingham ethics committee (ERN_20-0475).
Consent to participate and consent to publish Informed consent was 
obtained from all individual participants included in the study. The 
authors affirm that human research participants provided informed 
consent for publication.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
References
 1. WHO. Coronavirus disease (COVID-2019) situation reports. 
Coronavirus disease (COVID-2019) situation reports 2020 
[cited 2020 July 2020]; Available from: https ://www.who.int/
emerg encie s/disea ses/novel -coron aviru s-2019/situa tion-repor ts
 2. Fenton SAM, Veldhuijzen van Zanten JJCS, Metsios GS, Rouse 
PC, Yu CA, Kitas GD et al (2018) Autonomy support, light 
physical activity and psychological well-being in rheumatoid 
arthritis: a cross-sectional study. Mental Health Phys Act 
14:11–18
 3. Rongen-van Dartel S, Repping-Wuts H, Flendrie M (2015) 
Effect of aerobic exercise training on fatigue in rheumatoid 
arthritis: a meta-analysis. Arthritis Care Res 67(8):1054–1062
 4. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, 
Greenberg N et al (2020) The psychological impact of quaran-
tine and how to reduce it: rapid review of the evidence. Lancet 
395(10227):912–920
 5. Veldhuijzen van Zanten JJ, Fenton SAM, Brady S, Metsios GS, 
Duda JL, Kitas GD (2020) Mental health and psychological 
wellbeing in rheumatoid arthritis during COVID-19—can phys-
ical activity help? Mediterr J Rheumatol 31(Suppl 2):284–287
 6. Huang Y, Zhao N (2020) Generalized anxiety disorder, depres-
sive symptoms and sleep quality during COVID-19 outbreak 
in China: a web-based cross-sectional survey. Psychiatry Res 
288:112954
 7. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N et al (2020) Fac-
tors associated with mental health outcomes among health care 
workers exposed to Coronavirus Disease 2019. JAMA Netw 
Open 3(3):e203976
 8. Rodriguez-Rey R, Garrido-Hernansaiz H, Collado S (2020) Psy-
chological impact and associated factors during the initial stage 
of the Coronavirus (COVID-19) pandemic among the general 
population in Spain. Front Psychol 11:1540
 9. Harper C, Satchell L, Fido D, Latzman R (2020) Functional fear 
predicts public health compliance in the COVID-19 pandemic. 
Int J Ment Health Addict. https ://doi.org/10.1007/s1146 9-020-
00281 -5
 10. Michaud K, Wipfler K, Shaw Y, Simon T (2020) Experiences 
of patients with rheumatic diseases in the united states during 
early days of the COVID-19 pandemic. ACR Open Rheumatol 
2(6):335–343
 11. Meyer J, McDowell C, Lansing J, Brower C, Smith L, Tully M 
et al (2020) Changes in physical activity and sedentary behav-
ior in response to COVID-19 and their associations with men-
tal health in 3052 US adults. Int J Environ Res Public Health 
17(18):E6469
 12. Fiest K, Hitchon CA, Bernstein C, Peschken C (2017) System-
atic review and meta-analysis of interventions for depression and 
Rheumatology International 
1 3
anxiety in persons with rheumatoid arthritis. J Clin Rheumatol 
23(8):425–434
 13. Ziade N, El Kibbi L, Hmamouchi I, Abdulateef N, Halabi H, 
Hamdi W, et al (2020) Impact of the COVID-19 pandemic on 
patients with chronic rheumatic diseases: a study in 15 Arab coun-
tries. Int J Rheum Dis. https ://doi.org/10.1111/1756-185X.13960 
 14. Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M (2018) 
Association between physical exercise and mental health in 1·2 
million individuals in the USA between 2011 and 2015: a cross-
sectional study. Lancet Psychiatry 5(9):739–746
 15. Kelley GA, Kelley KS, Hootman JM (2015) Effects of exercise 
on depression in adults with arthritis: a systematic review with 
meta-analysis of randomized controlled trials. Arthritis Res Ther 
17(1):21
 16. Stenstrom CH (1994) Home exercise in rheumatoid arthritis func-
tional class II: goal setting versus pain attention. J Rheumatol 
21(4):627–634
 17. Rouse PC, Veldhuijzen Van Zanten JJ, Ntoumanis N, Metsios GS, 
Yu CA, Kitas GD et al (2015) Measuring the positive psycho-
logical well-being of people with rheumatoid arthritis: a cross-
sectional validation of the subjective vitality scale. Arthritis Res 
Ther 17:312
 18. Pépin JL, Bruno RM, Yang R-Y, Vercamer V, Jouhaud P, Escour-
rou P et  al (2020) Wearable activity trackers for monitoring 
adherence to home confinement during the COVID-19 pandemic 
worldwide: data aggregation and analysis. J Med Internet Res. 
22(6):e19787
 19. Fenton SA, Kitas GD (2016) Rheumatoid arthritis: sedentary 
behaviour in RA—a new research agenda. Nat Rev Rheumatol 
12(12):698–700
 20. Pinto AJ, Rezende D, Sieczkowska SM, Meireles K, Bonfigl-
ioli K, Ribeiro ACM, et al (2020) Increased prolonged sitting 
in rheumatoid arthritis patients during the COVID-19 pan-
demic: a within-subjects, accelerometer-based study. medRxiv 
2020.09.09.20191395
 21. Fenton SAM, Veldhuijzen van Zanten J, Duda JL, Metsios GS, 
Kitas GD (2018) Sedentary behaviour in rheumatoid arthritis: 
definition, measurement and implications for health. Rheumatol-
ogy (Oxford) 57(2):213–226
 22. Zhang Y, Zhang H, Ma X, Di Q (2020) Mental Health Problems 
during the COVID-19 Pandemics and the Mitigation Effects of 
Exercise: a Longitudinal Study of College Students in China. Int 
J Environ Res Public Health 17(10):3722
 23. Lesser IA, Nienhuis CP (2020) The impact of COVID-19 on phys-
ical activity behavior and well-being of Canadians. Int J Environ 
Res Public Health 17(11):3899
 24. Gierach GL, Chang SC, Brinton LA, Lacey JV Jr, Hollenbeck AR, 
Schatzkin A et al. (2009) Physical activity, sedentary behavior, 
and endometrial cancer risk in the NIH-AARP Diet and Health 
Study. Int J Cancer 124(9):2139–2147
 25. Cleland C, Ferguson S, Ellis G, Hunter R (2018) Validity of the 
International Physical Activity Questionnaire (IPAQ) for assessing 
moderate-to-vigorous physical activity and sedentary behaviour 
of older adults in the United Kingdom. BMC Med Res Methodol 
18(176):176
 26. Melzack R (1987) The short-form McGill pain questionnaire. Pain 
30(2):191–197
 27. Scott J, Huskisson E (1976) Graphic representation of pain. Pain 
2:175–184
 28. Van Lankveld W, Pad Bosch P, Van de Putte L, Van der Staak C, 
Naring G (1992) Pain in rheumatoid arthritis measured with the 
visual analogue scale and the Dutch version of the McGill Pain 
Questionnaire. Ned Tijdschr Geneeskd 136(24):1166–1170
 29. Smets EM, Garssen B, Bonke B, Haes J (1995) The Multidi-
mensional Fatigue Inventory (MFI) psychometric qualities of an 
instrument to assess fatigue. J Psychosom Res 39(3):315–325
 30. Rupp I, Boshuizen HC, Jacobi CE, Dinant HJ, van den Bos GA 
(2004) Impact of fatigue on health-related quality of life in rheu-
matoid arthritis. Arthritis Rheum 51(4):578–585
 31. Zigmond AS, Snaith RP (1983) The hospital anxiety and depres-
sion scale. Acta Psychiatr Scand 67(6):361–370
 32. Covic T, Pallant J, Tennant A, Cox S, Emery P, Conaghan PG 
(2009) Variability in depression prevalence in early rheumatoid 
arthritis: a comparison of the CES-D and HAD-D Scales. Bmc 
Musculoskelet Disorders 10:18
 33. Ryan RM, Frederick C (1997) On energy, personality, and health: 
Subjective vitality as a dynamic reflection of well-being. J Pers 
65(3):529–565
 34. Kirwan JR, Reeback JS (1986) Stanford health assessment ques-
tionnaire modified to assess disability in british patients with rheu-
matoid arthritis. Br J Rheumatol 25(2):206–209
 35. Loppenthin K, Esbensen BA (2015) Sleep quality and correlates 
of poor sleep in patients with rheumatoid arthritis. Clin Rheuma-
tol 34:2029–2039
 36. Hayes AF (2012) PROCESS: a versatile computational tool for 
observed variable mediation, moderation, and conditional pro-
cess modeling [White Paper]. Retrieved from: http://www.afhay 
es.com/publi c/proce ss201 2.pdf
 37. Preacher KJ, Hayes AF (2008) Asymptotic and resampling strat-
egies for assessing and comparing indirect effects in multiple 
mediator models. Behav Res Methods 40(3):879–891
 38. du Prel J-B, Hommel G, Röhrig B, Blettner M (2009) Confidence 
interval or p-value?: part 4 of a series on evaluation of scientific 
publications. Dtsch Arztebl Int 106(19):335–339
 39. Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, 
Cain KL et al (2010) Objective light-intensity physical activity 
associations with rated health in older adults. Am J Epidemiol 
172(10):1155–1165
 40. Veldhuijzen van Zanten JJ, Rouse PC, Hale ED, Ntoumanis N, 
Metsios GS, Duda JL et al (2015) Perceived barriers, facilitators 
and benefits for regular physical activity and exercise in patients 
with rheumatoid arthritis: a review of the literature. Sports Med. 
45(10):1401–1412
 41. Carriedo A, Cecchini JA, Fernandez-Rio J, Mendez-Gimenez A 
(2020) COVID-19, psychological well-being and physical activity 
levels in older adults during the nationwide lockdown in Spain. 
Am J Geriatr Psychiatry 28(11):1146–1155
 42. Katz P, Margaretten M, Gregorich S, Trupin L (2018) Physical 
activity to reduce fatigue in rheumatoid arthritis: a randomized 
controlled trial. Arthritis Care Res 70(1):1–10
 43. Thomsen T, Aadahl M, Beyer N, Hetland ML, Loppenthin K, 
Midtgaard J et al (2017) The efficacy of motivational counselling 
and SMS reminders on daily sitting time in patients with rheu-
matoid arthritis: a randomised controlled trial. Ann Rheum Dis 
76(9):1603–1606
 44. Mikkelsen K, Stojanovska L, Polenakovic M (2017) Exercise and 
mental health. Maturitas 106:48–56
 45. Ryan RM, Deci EL (2017) Self-determination theory: basic 
psychological needs in motivation, development, and well-ness. 
Guildford Press, New York
 46. Matias T, Dominski FH, Marks DF (2020) Human needs in 
COVID-19 isolation. J Health Psychol 25(7):871–882
 47. Antunes R, Frontini R, Amaro N, Salvador R, Matos R, Morouco 
P et al (2020) Exploring lifestyle habits, physical activity, anxiety 
and basic psychological needs in a sample of portuguese adults 
during COVID-19. Int J Environ Res Public Health 17(12):4360
 48. Hakkinen A, Sokka T, Kotaniemi A, Hannonen P (2001) A rand-
omized two-year study of the effects of dynamic strength training 
on muscle strength, disease activity, functional capacity, and bone 




 49. Lwin MN, Serhal L, Holroyd C, Edwards CJ (2020) Rheuma-
toid arthritis: the impact of mental health on disease: a narrative 
review. Rheumatol Ther 7(3):457–471
 50. Luyster FS, Chasens ER, Wasko MCM, Dunbar-Jacob J (2011) 
Sleep quality and functional disability in patients with rheumatoid 
arthritis. J Clin Sleep Med 7(1):49–55
 51. Saidj M, Jorgensen T, Jacobsen RK, Linneberg A, Aadahl 
M (2014) Differential cross-sectional associations of work- 
and leisure-time sitting, with cardiorespiratory and muscular 
fitness among working adults. Scand J Work Environ Health 
40(5):531–538
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
Affiliations
Sophia M. Brady1,2,3 · Sally A. M. Fenton1,2,3 · George S. Metsios2,4 · Ailsa Bosworth5 · Joan L. Duda1,3 · 
George D. Kitas1,2 · Jet J. C. S. Veldhuijzen van Zanten1,2,3 
 Sophia M. Brady 
 sxb1075@student.bham.ac.uk
 Sally A. M. Fenton 
 s.a.m.fenton@bham.ac.uk
 George S. Metsios 
 g.metsios@wlv.ac.uk
 Ailsa Bosworth 
 ailsa@nras.org.uk
 Joan L. Duda 
 j.l.duda@bham.ac.uk
 George D. Kitas 
 George.kitas@nhs.net
1 School of Sport, Exercise and Rehabilitation Sciences, 
University of Birmingham, Birmingham B15 2TT, UK
2 Rheumatology Department, Dudley Group NHS Foundation 
Trust, Dudley, UK
3 Medical Research Council-Versus Arthritis Centre 
for Musculoskeletal Ageing, University of Birmingham, 
Birmingham, UK
4 Faculty of Education, Health and Wellbeing, University 
of Wolverhampton, Wolverhampton, UK
5 National Rheumatoid Arthritis Society, Maidenhead, UK
